Abstract.
Recently, lhe significance of tropospheric ozone in the tropics has been recognized in terms of the oxidizing efficiency and greenhouse effect, and various efforts have been made to investigate its spatial distribution and temporal variation [Kley et al., 1996 ; Thompson et al., 1997; Crutzen and Lawrence, 19971. However, especially in the upper troposphere, the ozone budget in the tropics has not been fully understood yet because of the sparsity of the ground-based and long-term observations.
We have been conducting a regular ozonesonde sounding at Watukosek (7.5øS, 112. were mentioned: (1) the long-range transport of ozone and ozone precursor gases originating from biomass burning in the Asian continent where it is at the end of tile local dry season and (2) the downward transport from the stratosphere by a certain mechanism of the stratosphere-troposphere exchange (STE) such as the deformation of the tropopause by the equatorial Kelvin wave activity, as suggested by Tsuda et al. [ 1994a] . It should be noted that the phenomenon tends to be observed when both biomass burning and convection, the latter of which may also increase ozone through lightning or transport of ozone-rich air from the surface, are not so active 
Observation
The vertical distributions of atmospheric ozone concentration and temperature were measured by Meisei RSII-KC79D electrochemical carbon-iodine ozonesondes with TX3000-type TOTEX balloons and a tracking system at Watukosek. The observations were successfully conducted on May 3, 9, 17, 22, 26, 29, and 30 and June 1, 3, 5, and 14. Though five other soundings were also conducted during the period, we did not use them in the analysis because the data were not of good quality due to malfunction of the ozonesonde or the that derived from the Bandung data (see Table 1 
Downward Transport of Ozone Associated With the Equatorial Kelvin Wave and MJO
In this section, we try to interpret the ozone variation in Figure 3 After May 22, the ozone concentration in the uppermost troposphere had at least stopped increasing because the ozone transport from the stratosphere due to the Kelvin wave and its breaking had stopped as the maximum eastward wind phase had passed over Indonesia. For the recovery of the ozone isolines around the tropopause, we have two possibilities: One is the upward motion due to the Kelvin wave, and the other is the rapid horizontal mixing into the surrounding troposphere. The former is less plausible because Figure 6 shows only a small region of upward displacement across the tropopause during this period. It should be noted that the downward phase propagation of the Kelvin wave around the tropopause may result in less efficient upward transport than downward transport because it means that the downward transporting region moves downward into the less stable troposphere but the upward transporting region does not move upward. Thus most of the ozone molecules transported from the stratosphere had spread into the surrounding troposphere before they were transported back to the stratosphere. 2, air mixing due to the Kelvin wave breaking; and 3, horizontal mixing in the troposphere.
from May 9 to May 26; (2) the air mixing due to the Kelvin wave breaking occurred in the lowermost stratosphere and at the tropopause over Indonesia to cause the maximum ozone concentration around the tropopause on May 22; and (3) the ozone concentration in the uppermost troposphere had stopped increasing after May 22, and most of the ozone transported from the stratosphere had spread into the surrounding troposphere due to the horizontal mixing. These ozone-transporting processes are summarized in Figure 9 . The net amount of ozone transported from the stratosphere into the troposphere was estimated to be 9.9 DU as the upper limit. The horizontal extent of the ozone-increased region was L:,... _> 6.6 x 106 m and L:j •_ 1.8 x 106 m. It should be emphasized that the ozone transport associated with the equatorial Kelvin wave activity including wave breaking and the MJO has the potential to affect the photochemistry in the tropical troposphere and lower stratosphere.
